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B Hacrosmee Bpema B Poccum B Hay4HO-MCCIEAOBAaTENbCKUX M MPOEKTHBIX
opranuzanusax Ui aHanuza 6e3onacHoctH peaktopoB PEBMK u BBOP mmpoxo ucnomb3yrorces
RELAPS u npyrue 3anainbie TEIMJIOTHAPABIMYECKUE KOMIbI YIYUYIIIEHHON OLIEHKH. Bce 3T Kob1
pa3pabatbiBasiuch A 3apyOexHbix peakropoB Tuna PWR u BWR. Peakropsr Tuna PBMK ne
UMEIOT aHAJIOroB B MHUPE M OTJIMYAIOTCS CHEUU(UKON TENIOrHIpaBINYECKUX IPOLIECCOB.
OCOOCHHOCTH KOHCTPYKIMHM U TEIUIOTUAPABIMKH paboyero mporecca B peaktope PEMK
ONpeseNAI0T HEeO0OXOAMMOCTh BaIMJALMU 3apyOexHbIX KOm0B. CHcTEMaTH4YeCKMH XapakTep
pabotsl o Banmuanuu koga RELAPS5/MOD3.2 npuoOpenu B paMKaX COBMECTHOTO POCCHICKO-
aMmepukaHnckoro npoekta MIAb «Banunanus nporpaMMHBIX CPeACTB MPpUMEHUTEIbHO K BBOP
u PEMK».

Jlnis mpoBeeHMs BAIMJALMOHHBIX PAacdyeTOB ObUIM ONPEACICHBI PEKUMBI U SIBICHUS,
KOTOpble MOTyT MMeTh Mecto npu skcrutyaraiuun ADC ¢ PEMK wu Obuin mepeuyuciieHbl
JKCIIEPUMCHTAIIBHBIE YCTAaHOBKM Ha KOTOPBIX JAHHBIE PEXUMBI U SBICHUS MOJIEIMPOBAINCH
paHee 11060 MOTYT MOJEIMPOBATECS B OyaymeM. B pesynbrate aHanuza umerommuxcs B Poccun
SKCHEPUMEHTAJbHBIX JAaHHBIX OBLI ONpeNeNeH IepedeHb MOTEHUMAIbHBIX CTaHAAPTHBIX
npo6eM Ui BaIUJAMK TeTUIOTHAPABINYECKUX KOJIOB MpuMeHuTensHo K PBMK.

B nmaHHOM JoKiame paccMaTpUBAECTCS  BANMAAUMOHHBIA — aHAIW3 CEIbMOW B
MPEIIOKECHHOM CIHMCKE BaJIMIAIMOHHON 3amaun «Pacnpenenenne oObEMHBIX MapocoaepKaHuH
10 BBICOTE aKTUBHOM 30HBI TeXHOJoTHYecKoro kaHaia PBMKy. Jlns PBMK sta BenuunHa BakHa
B CBSI3U C TIOJIOKHUTEIHHBIM MapOBHIM KOA((PHUITUEHTOM pEaKTUBHOCTH.

1. Onucanue 3KCNEPUMEHTAJIbHOI YCTAHOBKH.
OKCIEPUMEHThl MNPOBOAWINCH HA TEIUIOTHAPABIMYECKOM HCHBITATEIbHOM cTeHae bM B
HUKHWUDT B 70e rompl. CteHa mpeacraBiser coOOW MoJenb KOHTypa MHOTOKpPaTHON
NPUHYAUTEIbHOW HMpKynauuu peakropa PBMK. DOxcneprMeHTanbHbI KOHTYp BKJIIOUAeT B
cebst MoIenu JABYX TEXHOJIOTMUECKHX KaHAJOB peakTopa C HWKHUMH BOJASHBIMH U
napoBoasiHpiMu KommyHuKanusmu (HBK u [TBK).

B 30He TemnoBbIeNeHUs paCIoIoKeHa dekToo0orpeBaemast Mojaeiab TBC koTopasi cocTouT u3
7 momHOMacIITaOHBIX UMUTATOPOB TBAI. lllecTh UMUTATOPOB TBAJT pacHoOarajJuch paBHOMEPHO
MO0 OKPY)XHOCTH JuaMeTpoM 32 MM, Ce€IpMOM - B LEHTpe. TeroBblAeNEHHEe MO JJIMHE
MMHUTATOPOB TBAJ paBHOMepHoe. Takas koHcTpykuuss TBC otnmuaercs ot HatypHoil TBC
pEeKTOpa, KOTOopasi COCTOUT U3 18 TBAIIOB U IIEHTPATHHOTO HEOOOTPEBAEMOT0 CTEPKHS. B maHHOM
cilydae pa3pabOTYMKU CTeH/1a UCIOIb30BaIl MAcIITAOHYIO MOJIENIb TEXHOJIOTHYECKOro KaHaja.

[Ipn MonmenupoBaHUM 30HBI TEIJIOBBIAEIEHU TeXHONIOrnyeckoro kanaga PBMK BeimonHstoTcst

CJIeYIONINE TIPUHIIUTIBL:

e coOM0/IaeTCsl PaBEHCTBO OTHOCHUTEIBHBIX OOBEMOB TEIJIOHOCUTENS MpUXojsiierocss Ha 1
811 (0,045 M° 1 0,044M° 1151 CTEHZA U PEaKTOPa COOTBETCTBEHHO);

® OJMHAKOBAs C HATYpPOU TEIUIOBAsi MOIHOCTH OJJHOTO UMUTATOPA TBIJ;

e BbIIEPKUBAIOTCA oMHAKoOBbIe ¢ HaTypoll (PBMK-1000) HuBenMpHbBIE OTMETKH;



® THUJPABIWYECKHUE IUAMETPhl MOJEIM W TPOTOTUIA OJM3KH MeXay coboi (7,84 mm
TUJPABIMYECKUNA THAMETP AKCIEPUMEHTAIBHOTO KaHajla cTeHAa U 8, 56 ruapaBIMYeCKUil
TUaMETp KaHajl peakTopa).

BricoTHBINM MacIITad cuCTeMbI KaHAOB: 1 : 1;

O6beMHbII MacTab 0OIHOTO KaHaia CTeH A [0 OTHOIIEHHUIO K OJHOMY HaTypHOMY KaHaly
PBMK: 1:2,57.

JlucTaHIMOHUPYIOIIHE PEemIeTKH coToBoro tumna (20 mTyk) pacmonaraauchk mo BwicoTe 3T ¢
mrarom 350 MM, 9TO COOTBETCTBYET LITaTHOMY pacnonoxenuto B kaHane PEMK 1000. Ilepsas
JUCTAaHIIMOHUPYIOLIasl pelieTka pacrojoXeHa Ha paccTtosHud 30MM  OT Hayaiao 30HbI
TEIIOBBIIETICHUS.

HmuTaTtopsl TB3M BBINOJIHEHBl M3 CTAJBHBIX TPYOOK € HapyKHBIM JauameTrpoM 13.5 mwm,
TOJMIIMHOM CTeHKH 1.25 MM u  jnuHON 7 M. TennoBbIIeIeHUEe B UMUTATOPAX MOJIEIUPYETCS
MPOITYCKAHUEM Yepe3 HUX dJIeKTpuueckoro Toka. [Iporounas yacts 3T, B KOTOpOii pa3menianach
teroBeinersitomas  coopka (TBC), oOpa3oBana HaOOpOM TadbKOXJOPUTOBBIX BTYJIOK C
BHYTPEHHBIM AuaMeTpoM 49 MM, KOTOpbIE YCTaHaBIMBAJIUCh B METAUIMUECKOM KOpITyce
(HecymiemM naBJieHWE), BBITTOJIHEHHBIM W3 TPYOBbl HApYXHBIM auamMeTpoM 80 MM W TOJIIUHON
CTCHKHU SMM.

JlaHHBI OSKCIEpUMEHT OBLT HCIIOJNB30BaH Il TOCTAHOBKM BEpPU(MUKAIMOHHON 3aayud,
MOCKOJIbKY, HAJACKHBIE JaHHbIE TI0 HCTUHHOMY OOBEMHOMY TapOCOICP)KaHUIO B
nonHomacmtabuom TK PBMK  otcyrctBytor. B paccmarpuBaeMoM 3KCIIEPHUMEHTE  ObLI
3a/ICMICTBOBAH TOJBKO OJIMH AKCIEPUMEHTAIbHBIN KaHaj. [IpuueM ucciegoBanach TOJBKO 30HA
TEIUIOBBIJACIICHUS 3TOTO KaHala.

[Ipu uccnenoBanuy pacrpenencHuss 00bEMHBIX MTAPOCOACPKAHUMA B KAXKIOM IKCIIEPUMEHTE
M3MEPSIIOCH U 3aMMMCHIBAIIUCH CIEAYIOIINE PEKUMHBIC ITApaMETPhI:

JaBJICHHUC HA BBIXOAEC U3 30HbI TCIINIOBBIACIICHU A,

pacxoji yepe3 IKCIEePUMEHTAIbHBIN Y4acTOK;

TEeMIepaTypa TeIIOHOCUTEINS Ha BXOJIe B 000TrpeBacMbIil KaHa,

IIJIOTHOCTSH TCIINIOHOCHUTCIIA,

MOJIOKEHHE JAaTUYMKA IJIOTHOCTH TEIIOHOCUTEIS;

3JIEKTPUYECKasi MOIIHOCTh, moaBoauMas Kk TBC.

[110THOCTH TEMIOHOCUTENSA, OCPEAHEHHAS 10 TONIEPEYHOMY CEYEHHIO IKCIIEPUMEHTAIBHOIO
y4yacTKa, u3Mepsaach OECKOHTAKTHBIM JaTYUKOM. DTOT AATYMK OCHOBAH Ha METOJIE U3MEPEHNUs
CKOPOCTH PEruCTPALMM 3aMEUICHHBIX BOJOPOAOCOACPKALIEH CPEeI0 HEUTPOHOB OT IUIYyTOHUM-
OCpWIIITMEBOTO NCTOYHUKA OBICTPHIX HEUTPOHOB. CHUTHAN TaTuynka 00padaThIBaeTCs
AJIEKTPOHHBIM OJIOKOM C YaCTOTOMEPOM.

Ha crenze 6bu1 yCTaHOBIJIEH TOJBKO OJIMH JATYMK IUIOTHOCTH TEIUIOHOCUTENS U TO3TOMY IS
orpezieNieHus pacipeneraeHusi 00beMHBIX MapoCoAePKaHUM 0 ITTMHE 000rPeBaeMOoro KaHania ¢
TBC, HyXHO OBUIO MEHATH MOJ0KEHUE 3TOTO JAaTUYUKA B CTAIMOHAPHOM PEKUME pabOThI
creHaa. CucreMa nepemMenieHus JaT4uKa BOJIb SKCIEPUMEHTAIIBHOIO KaHaa MO3BOJIMIIA
(GUKCUPOBATh JAaTYMK B JIFOOOM IMPOMEKYTOYHOM CEYEHHUH C MOTPEIIHOCTHIO £2MM. s
KaXJI0OTO CTaIlMOHAPHOTO COCTOSIHUS 3HAaUeHUE 0ObEMHOT0 TTApOCOICPKaHMsI ONPEAEIISIIOCH B
JECSITH TOUKax Mo JJIMHe o0orpeBaeMoro yuactka. KoopauHarsl ceueHuit u3MepeHust ObLin



cienyronue (OTCYET CHU3Y OT Havdayia akTuBHOM 30HBI): 0,385, 0,948, 1,573, 2,322, 2,947,
4,010, 4,823, 5,448, 6,135, 6,760 meTpoB, ipu 00IIIEH ITMHE AKTUBHOM 30HBI 7M.

HctuaHoe 00beMHOE MapoCcoAepKaHue BEIYUCISIIOCH IO (hopMyIie:

/i€ P) - IJIOTHOCTh JKUJKOM (ha3bl TEIJIOHOCUTENIS B KOHTPOJIUPYEMOM CEUEHUH (OIpeaesiach
AQHAIUTUYECKU C UCIIOJIb30BAaHUEM TEII0()U3NUECKUX CBOMCTB BOJBI U U3MEPEHHBIX B X0JI€
HKCIIEPUMEHTA JIABJICHUS U TEMIIEPATyphl TETNIOHOCUTES);

Pm- U3MEPEHHAs IIJIOTHOCTh TEIJIOHOCHUTEIIS;

Py~ TUIOTHOCTB MAapOBOH (ha3bl TEIIJIOHOCUTENIS HA JIMHUU HACBIIIECHUS (ONPEIesiach
AHATUTUYECKH C UCIIOIH30BAaHUEM TEIIIO()U3NIECKIX CBOMCTB BOJIbI HA JIMHUH HACKHIIICHUS U
M3MEPEHHOT0 B X0/1€ SKCIIEPUMEHTA AaBIICHNU).

Jns onpenenenns miIOTHOCTH HEAOTPETOM KUKOCTH UCIIOIb30BAIUCK:!
3HAUYEHME JIaBJICHUS, 3aMEPEHHOE Ha BBIXO/JIE U3 IKCIEPUMEHTAIBHOTO YUacTKa,
3HaYEHHUE TeMIIepaTypbl )KUJIKOCTH T; B UCCIETyEMOM 1-TOM CEYEHHH, KOTOpbIE
PacCUUTHIBAIIUC.

[TorpenrHOCTH U3MEPEHHBIX BETUYHH COCTABHIIU:

e MaccoBasi CKOpOCTb - +2.08 kr/(Mec);

IUIOTHOCTB TEIJIOBOIO ITOTOKA - £947 BT/MZ;

UCTUHHOE 00BeMHOE Tlapocoepxkanue - £0.03
MOJIO’KEHHE AaTYMKa IUIOTHOCTH TEIUIOHOCUTENS 2MM
nmaBineHue *+ 1.5% ;

2. MeToauka npoBeeHNs IKCIIEPUMEHTA.

OKCIEpUMEHTBI NPOBOIUINCH IIPH PEXUMHBIX NapaMmeTpax, KOTOPbIE MOTYT UMETh MECTO IpHU
skcruryatanmn  PBMK  (MaccoBast CKOpOCTh, IJIOTHOCTh TEIUIOBOTO TOTOKA, MJABJICHUS B
cernaparope, TeMIepaTypbl TEIUIOHOCUTENS Ha BXOJAE B AKCIEPUMEHTANbHBbIM ydacTok). Ilpu
3TOM JaBJIEHHE B KOHTYpPE CTEHJAa COOTBETCTBOBaJIO HarypHoMy aasieHuto B KMIIL PBMK,
TEeMIEpaTypa TEIUIOHOCUTENS Ha BXOAE B 30HY TEIUIOBBIICIECHUS COOTBETCTBOBAJIA pPEalbHON
temneparype B KMIIL[ PEMK, a pacxon temnonocurens u Temsosas Harpy3ska Ha TBC
NEPECUUTHIBAINCH U3 33JJAHHOTO 0ObEMHO-MOIIIHOCTHOIO MaciuTada Ajsl OJHOIo KaHaja.

B crannonapHsIx pexxuMax paboThl CTEHIA IIPU 3aJaHHBIX 3HAYCHUSAX MAcCOBOIO Pacxoja yepes
KaHaj, TemoBod MomHoctd TBC, TeMmeparypbl TEIUIOHOCUTENsST Ha BXOAE B
JKCHEPUMEHTAJbHBI y4acTOK M JaBJIEHMs Ha BBIXOAE M3 OOOrpEeBaeMOro y4acTka
IPOM3BOIMIIOCH ONPEACTICHHE CPEAHEr0 HCTUHHOTO 00BEMHOTO MapOCOAEPKaHUS B PA3TUUHBIX
ceueHunsax 1o Beicote TBC.

DKCIEPUMEHT TMPOBOAWICS CIEAYIONUM 00pa3oM. BHauane ycraHaBIMBaJICS CTAllMOHAPHBIN
pexuM pabOThI CTEH/a NP 33JaHHBIX 3HAUCHHSIX PEKUMHBIX ITapaMeTpoB (MaccoBOIO pacxojia,
TEIUIOBOM Harpy3kW, JaBJIEHUS B Cemaparope, TEeMIlepaTypbl TEIUIOHOCHUTEIS Ha BXOJE B
OKCIEPUMEHTAJIbHBIA  Yy4acTOK). 3aTeéM JaT4MK HW3MEpPEHUs IUIOTHOCTH TEIJIOHOCUTENS
yCTaHaBJIMBAJICA TIOOYEPEAHO B KaXKJAOM M3 3aJIaHHBIX CEYCHHUH U MPOU3BOAUIICS 3aMep CpenHein



10 CEYEHHUIO INIOTHOCTU TEIUIOHOCUTENS. BpeMs 9KCIO3UIMK B KaX/10M U3MEPEHUH COCTABIISIO
100c. B MOMEHT KaXZI0ro M3 3aMEpOB HM3MEPSUINCh U PErMCTPUPOBAINCH MACCOBBIM PaCXo[,
TEIUIOBasl Harpyska, JaBJI€HHE Ha BBIXOJAE U3 OOOrpeBaeMOro YydYacTKe U TeMIepaTypa
TEIUIOHOCHUTENS HAa BXOJI€ B 3KCIIEPUMEHTAJIbHBIN y4yacTOK. /laHHBIE NapamMeTpbl U3MEPSIIUCH U
(UKCUPOBAIUCh NpPHU KAXKJIOM HM3MEPEHHM IUIOTHOCTH TEIUIOHOCUTENS, TaK Kak B XOJe
HKCIIEpUMEHTAa OHU HE YACPKUBAIMCH TPU CTPOro (PUKCHPOBAHHBIX 3HAUCHHSX. 3aTeM
9KCHEPUMEHT MOBTOPSUICA MPU HOBBIX 3HAUYEHUSIX PEKMMHBIX [TapaMeTpoB (MacCOBOTO pacxoja,
TEIUIOBOM HAarpy3kM, JaBJI€HUS B CENaparope, TEMIIEpaTypbl TEIUIOHOCUTEIS Ha BXOAE B
9KCHEPUMEHTATIBHBIN Y4aCTOK).

Jlnamna3oH U3MCHEHHsI PS)KHUMHBIX ITApaMETPOB CTCHIA!

e nasienue: oT 3.0 1o 7 Mlla;

e MaccoBas ckopoctb: oT 500 10 2000 kr/(c M%);

e OTHOCHUTEIBbHAs 3HTaNbNUs Teronocutens: ot -0.64 no 0.5;
e  [UIOTHOCTH TEILIOBOTO TOTOKA: OT 0.15 10 0.4 MBT1/M*

YTO COOTBETCTBYET [MANa3oHy M3MEHEHUs PEXKUMHBIX TapaMeTpoOB HATYpPHOTO KaHasa
peakTopa:

e nasienue: oT 3.0 1o 7 Mlla;

e MaccoBbIi pacxon: oT 1 10 4,6 kr/c;

e OTHOCHUTEIBbHAs 3HTaNbNUs Teronocutens: ot -0.64 no 0.5;

e TerIoBast MOITHOCTE: OT 0.8 1o 2.2 MB1/Mm>

DKCHepUMEHThI TPOBOAMIUCEH B LEISIX MOMydeHHs] WH(OpMaUU O paclpeneseHUH MCTUHHBIX
00BEMHBIX MMApPOCOACPKAHMIA TIO BBICOTE TexHoNIornyeckoro kaHaia PBMK B mupokom
JIMaIla30He U3MEHEHHUsI PEKUMHBIX ITapaMETPOB.

Ncnonp30BaHne MOMYYEHHBIX SKCIIEPUMEHTABHBIX JAHHBIX MPU MPOBEICHUHN BaJuJAlIMOOHOIO

aHajan3a KoJoB, Takux kak RELAPS mo3Boaur:

e [IpoBeputh MOIEIM W 3aBUCHMOCTH, UCIIOJIB3YEMbIC B KOJAX ISl OMHCAHUS MeX(}a3HOTO
TPEHUS;

e [lpoBeputrh MOJEIM U 3aBUCUMOCTH, MCIOJIb3yeMble B KOJAX [UIsl  ONHCAHUS
TerIoMaccooOMeHa Mex 1y dazamu;

e [lpoBeputh MoAeNIM W KOPPEISLUOHHBIE 3aBUCHUMOCTH, MCIOJb3yeMble B KOJax st
OIHMCAHUS Mpoliecca MapooOpa3oBaHus MPH KUTICHUH HEJOTPETOH KUIKOCTH.

2. BaanaanmoHHbIH aHAJIN3.
PGLHGHI/IG BaHHI[aHHOHHOﬁ 3a4a4u CBOAUJIOCH K ‘II/ICJIGHHOMy MO,Z[e.HI/IpOBaHI/IIO Hpe,Z[.HO)KeHHBIX
CTAIlMOHAPHBIX PEXKUMOB pPabOTHl CTEHJIA U CPABHCHUU PACCUMTAHHBIX MCTHHHBIX OOBEMHBIX
MapoCOAEPKaHUM C SKCIEPUMEHTAITbHBIMH.

IIpy mpoBeacHUN BanuIalMOHHOIO aHAIM3a PacCMaTPUBAIACh TOJIBKO 30HA TEILIOBBIACICHUS
OJITHOTO JKCIIEPUMEHTAIBHOIO KaHaja. B kadecTBe rpaHMYHOIO yCJIOBMs Ha BXOJE 3aJaBAIIUCh
MacCOBBIM pacXxoJ U TeMIlepaTypa BOAbL. B kauecTBe rpaHUYHOIO YCIIOBHS HAa BBIXOJE J1aBIICHUE.

HomamanuszanmoHHass cxema MpeicTaBlieHAa Ha pUCyHKe. [paHWYHBIE YCIOBHS Ha BXOJE B
SKCTICPUMEHTAIBHBIA YJaCTOK MOJCIMPOBAIUCH dJeMeHTaMu Tumna time dependent volumen
time dependent junction. I'paHuYHbIe YyCIOBHS Ha BBIXOAEC W3 30HBI TEIUIOBBILACICHUS
MOJCIUPOBAINCH deMeHTamMu Tuma time dependent volume 30Ha TEMIOBBIACICHUS



MOJICIUPOBAIACH JJEMEHTOM THMNA ‘“pipe” K KOTOPOMY IOACOCIUHSIIUCH JBE TEIUIOBHIC
cTpykTypsl. OpnHa TeruoBas CTpykTypa MoaenupoBaia TBC, a gpyras  CTEHKy
9KCIIEPUMEHTANILHOTO KaHala. TeruioBble MOTEpU B OKPYXKAIOIIYI0 CPELy MOJEIHPOBAINCH
TEIIOOMEHOM MEXy BHEIIHEH MOBEPXHOCTHIO CTEHKM KaHajda M TOYKOW ¢ (PUKCHPOBAHHOM
TEeMITepaTypoi, COOTBETCBYIONIEH Temmeparype okpyxatomei cpens (20°C). 'mupaBaudeckuii
TPaKT 30HBI TEIUIOBBIICTICHUS ObLT pa30ouT Ha 20 KOHTPOJIBHBIX 00HEMOB. J[THHBI KOHTPOIBHBIX
00beMOB OBLTH MOJ00paHbl TAKMM 00pPa30M, YTO JAMCTAHIIMOHUPYIOUIHNE PEHIETKH HAXOIUIIUCH
Ha UX T'paHULIAX.

HctuaHOe 0O0BEeMHOE mapocojepkaHue M3MeHsioch B mpeaenax or 0 mo 0.96. Bcero Obuio
paccyuTaHo 25 3KCIEPUMEHTANBHBIX PEKUMOB.

Pe3ynbrarhl  BadMAAIMOHHOTO  aHalIM3a [OKA3aJdM  XOpOILEe  COIJIACOBAHUE  MEXKIY
SKCTICPUMEHTAIBHBIMA U PACUYCTHBIMU 3HAYCHHUSIMU MCTHHHBIX OOBEMHBIX MapOCOACpPKaHUN B
TEX CIy4yasix, KOrja UMEET MECTO KUIEHUE B HACBIIEHHOHN KUAKOCTU. COTJIaCHO UCIOJIb3yeMOn
B RELAPS kapte pekxMMOB T€UEHHS, B BATUJAUOHHBIX pacuyeTax MOJEIUPOBAIIUCH CIEAYIOIINE
PEXKUMBI:

e Bubbly (BBY);

e Slug (SLG);

e Annular mist (ANM).

[Ipuy MonenupoBaHUM KHUMEHHUS B HENOTPETOM KHUIKOCTH HAOIIOAAIOCh  3aMETHOE
paccoryiacoBaHue MEXIy pe3ylbTaTaMd pacuyeTOB U OKCICPUMEHTAIBHBIMU JaHHbIMU. B
IKCIIEpUMEHTE MapoBas (a3za MOSBISAETCS PaHBIIIE.

3TO MOKHO OOBSICHUTB!

a) MIOTPEIIHOCTSMH MOJIEICH M KOPPEISAIIMOHHBIX 3aBUCUMOCTEH, ucnoyib3yeMbix B RELAPS;
0) HETOYHOCTSIMU TPH pa3pabOTKe pacyeTHON MOJIENH;

B) MOTPEUIHOCTSAMHU MPOBEICHUS SKCIIEPUMEHTAa U 00pabOTKH SKCIIEPUMEHTANIbHBIX JaHHBIX;
I') HEpaBHOMEPHBIM IIPOI'PEBOB TEIVIOHOCUTEINS 110 CEUEHUIO KaHajla U 110 JJIMHE TBAJIOB.

JUIsi  OLIGHKH BIMSHUS BO3MOXKHBIX TIOTPEIIHOCTEH HA TMOJYYEHHBIE pe3ylbTaThl ObUIH
IIPOBEICHBI CIEAYIOLIUE AOIOTHUTENBHBIE PACYETHI.

a)llepBoHauanbHO OBUIM TMPOBENEHBI pPAacyeThl MO AHANU3Y BIMSHHUS Ha pELUICHHE TOYHOCTHU
pacuera MexdasHoro TpeHus. Bbuin mpoBeneHB! JAONOIHHUTENBHBIE PAacyeThl C PA3IUYHBIMU
TUAPABIMYECKUMH AHMaMETpaMH U TOMOTE€HHOW MOJIENIbIO T€UeHUs MOoToKa. bbulo mokasaHo, 4To
6a3oBast MoJieNb 00ecreYnBaeT HAUJIy4lllee COTJIACOBAHUE C PE3YJIbTaTaAMU PACUETOB.

e 0) 3aHmKCHHBIE (B CPABHEHUH C IKCIIEPUMEHTAILHBIMH ) 3HAYEHUS PACYETHBIX UCTUHHBIX
00BEMHBIX TAPOCOACPIKAHUH MTPH KUIIEHUU B HEJIOTPETON KUKOCTH MOTYT OBITh CBSI3aHBI C
3aBBINICHHBIMH 3HAYCHUSIMUA KO3(PPHUIIMEHTOB TETIOOTAaYH OT UMUTATOPOB TBJT B MOTOK.
JJist OTICHKY BIMSIHUSI TOYHOCTH OTpeaeNieHus] KO3 PUIMeHTa TeIJI00TAaYH MPU KUIICHUU B
HEJIOTPETOH KHUIKOCTH Ha PE3yJbTaThl PEIICHHsI ObLIH BBITIOJTHEHBI PACYETHI TPH PA3IMIHBIX
3HayeHusax kodppunuenta fouling factor (kapara 1ccc801), KOTOPHINH NCTIONAB3YETCS B
KOppeIAIHOHHBIX 3aBrcHMOCTsIX (heat transfer correlation). B pesynbTaTe mpoBeneHHOTO
aHaJu3 IS OJHOTO U3 PEXKHUMOB, B PA3JIMYHBIX CEUCHHSIX IO BBICOTE 30HBI TETLIIOBBIJICICHUS
ObLTH ompeneseHbl 3HaYeHus Koddduimenta fouling factor, KoTopsie MO3BOJISIOT YITYYIIUTh
COIJIACOBAHUE PE3YIBTATOB PACUETOB C SIKCIIEPUMEHTOM.



[IpoBeneHHBIN aHAIN3 TIOKA3aJl, YTO OJAHOU U3 IPUYMH PACCOITIACOBAHUSA MEXIY PE3yJIbTaTaMU
pacyeToB U SKCIIEPUMEHTOM B 00JIACTH KMIIEHUS! HEJOTPETON )KUIKOCTH MOTYT OBITh HETOUHO
omnpenenenusie RELAPS 3Hauenns ko uirentos temiootaayn. CaenaTh OKOHUYATEIbHOE
3akioueHue o TouHoctu onpeaenenuss RELAPS ko3¢ dumueHToB TemiooTnaun Heab3sl, Tak Kak
OTCYTCTBYIOT 3KCIIEpUMEHTAJIbHBIE JAHHBIEC O TEMIIEPATYPAX IIOTOKA U TEMIIEPATYPAX
IIOBEPXHOCTU UMUTATOPOB TBAJI B HCCIENYEMBIX CEYCHMSIX.

B)BbUTN BBITIOTHEHBI TOTTOTHUTEIBHBIC PACYETHI IO OICHKE BIMSHUS BETMYMHBI TETIJIOBBIX

NOTEPb Ha pacrpeieleHne HCTUHHBIX 00bEMHBIX MapOCOCPKAHNMN 0 BBICOTE 30HBI

TETIOBBICNICHNS. AHATM3UPOBAJIHCH CIIEIYIOINE CIydan TeI000MEHa ¢ OKpYKaloIIei

cpenoi:

¢ Temmon3omAIMOHHOE TOKPHITHE HA TIOBEPXHOCTH 30HBI TEIUIOBBIICICHHUS OTCYTCTBYET,
TETIJIOBBIE TIOTEPH B OKPY)KAIOIIYIO CPETy MOACTHPOBAINCH TEINIOOOMEHOM MEKy BHEIITHEH
MIOBEPXHOCTBIO CTEHKH KaHajla U TOYKOW ¢ (UKCHPOBAHHOM Temmeparypoii, Ko3dduuneHt
terwooraaun 10 Br/(m*eK);

e TemuoBble MOTEPH B OKPYKAIOIIYIO CPEly OTCYTCTBYIOT.

W3 ananu3a pacyeTHHIX IpaUKOB MOXKHO CAEJIaTh BBIBOJI, YTO MPH BHICOKUX 3HAYCHHUSIX
NCTHUHHBIX OGBGMHBIX napocoz[epmaHHf/'I TCIIJIOBBIC HOTepI/I HC OKAa3bIBACT CYH_IGCTBGHHOFO
BJIMSTHUS Ha pe3yJIbTaThl pemeHus. [Ipu HU3KUX 3HAUCHUSAX HCTHHHBIX 00bEMHBIX
apocoiepKaHui TEIUIOBbIE TIOTEPU OKA3BIBAIOT O0Jiee 3aMETHOE BIMSHUE Ha PE3YNIbTaThl
pemrenns. Ho maxke B 3TOM cilyvae BETHMYMHBI PACCOTIIACOBAHUI MEXKIY pa3InIHBIMU
BapI/IaHTaMI/I pacquOB HaxXoIATCA B HpI/II[eJIaX HOFpeLHHOCTI/I OHpeI[eJIeHI/IH BCJIMNYMUHBI
HUCTUHHOTO 00beMHOT0 npocoaepxkanus (£0.03). MoxHO clienaTh BEIBOJ, YTO IS
PACCMOTPECHHBIX B IAHHOW 3a/1aye PeKMMOB TEILUIOBBIC TOTEPH HE OKA3BIBAIOT CYIIECTBEHHOTO
BJIWAHUS HA pe3yanaTbI peLHeHI/IH, nu HpOBO,Z[I/ITb JOITOJIHUTCIIbHBIC pa6OTI>I 10 YTO‘IHGHI/IIO
TEIUIOBBIX MTOTEPh HE UMEET CMBICIIA.

r) Hetounoctn mpu pacdere moTephb JaBiCHHS HA TUCTAHIMOHUPYIONIMX PEHIETKaX M IMOTEph

naBlieHUs Ha TpeHue B kanane (wall friction) mMoryr ObITH OZHON M3 BO3MOXKHBIX HPUYHH

paccoriacoBaHusl MEXAy pe3ylbTaTaMH pacdeToB M OSKCHEPHUMEHTOM. bBBUTM BBIOIHEHBI

CJICAYIOIINE BapUAHTHI PACUETOB:

® pacyeThl C yUETOM BCEX BO3SMOKHBIX OTEPH JIABICHHS;

e pacueTsl Oe3 ydera oTephb JaBJICHUS O CTEHKHM KaHaya M 0e3 ydeTa THIPOCOIPOTHUBICHHS
JMCTAaHIIMOHUPYIOIINX PEIIETOK.

W3 ananusa pe3ynbTaToB MPOBEACHHBIX PACUETOB MOXHO CAENAaTh CIEAYIOIINE BHIBOIBI :

e [Ipu OTHOCUTENHHO BBICOKUX HCTUHHBIX 00BEMHBIX TAPOCOIEPKAHUSAX TOYHOCTH pacyera
MOTEPh /JaBJICHUS B KaHaJle OKa3bIBAaeT BIMSIHUE HA PE3Yy/IbTAaThl pACUETOB, HAUITyYIlIEee
COTJIaCOBaHUE PE3yJIbTATOB PACUETOB C HIKCIIEPUMEHTOM UMEET MECTO MPHU yUeTe BCEX
BO3MOJXKHBIX ITOTEPb JaBJICHHUS;

L HpI/I HHU3KHUX IMapOCOACPNKAHUAX TOYHOCTE pacuc€Ta IMOTEPh JABJIICHHA B KaHAJIC HC OKAa3bIBaCT
3aMCTHOI'O BIIMAHHNA Ha PE3YJIbTaThbl PCIICHUA.

n) Ilpu pacdere 3HaYeHUS] UCTUHHOTO OOBEMHOIO MapOCOJEp>KaHUs B HCCIEAYEeMOM CEUEHUU
WCIIOJIb30BAJIOCh JIABJICHHE HM3MEPEHHOE HE B OSTOM CEUYEHHHM, a Ha BBIXOAE W3 30HBI
TeruioBbLAeNeHUs. JIJi1 OLEHKH BIMSHHS PAcIOOXKEHUS MEcTa 3aMepa JaBJIeHHUsS Ha TOYHOCTH
pacdera UCTHHHOTO OOBEMHOTO MApOCOJEPKaHUsl MO0 U3MEPEHHOW TUIOTHOCTH TETUIOHOCHUTEIS



OBLIM MPOBENEHBI TOMOJHUTENbHbBIE PACUeThl, B KOTOPBHIX 3HAYEHMSI IJIOTHOCTH TEIJIOHOCUTENS
HEMOCPEICTBEHHO paccuuThiBaIMCh kKogom RELAPS, a 3HaueHUS HMCTUHHBIX OOBEMHBIX
MapOCOACP)KAHUN  MEPECUUTHIBAINCH MO METOJIMKE HCMOJb30BAHHON B 3KcrepuMmeHte. U3
aHaJan3a pe3yJbTaTOB MPOBEACHHBIX PACUETOB MOXHO CIENATh BBIBOJ, YTO HCIOJIb3YEMbI B
9KCIIEPUMEHTE METOJ| ONpPEEICHNUS UCTUHHOIO O0BEMHOI0 MapoCoAEpKaHUs MO0 U3MEPEHHBIM
3HAQYEHUSM IUIOTHOCTHM I[IOTOKAa B 33JlaHHOM CEUEHHMM M [IAaBJICHHWS Ha BBIXOJIE U3 30HBI
TEIJIOBBIIETICHUSI HE BHOCUT CYHIECTBEHHBIX MCKaXXEHUW B TOYHOCTH OMNPEJEICHUS BEIUYUHBI
UCTUHHOTO 00bEMHOTO MTAPOCOACPKAHMSL.

e) Ha skoHOMaii3epHOM ydacTKe 30HBI TEIUIOBBIAEIEHUS HMMEET MECTO POCT TEMIEpPaTypbl
UMUTATOPOB TBIJI. Y AEIBHOE JIIEKTPUYECKOE CONPOTHUBIICHWE HMMHTATOPA TBAJI 3aBUCUT OT
TEMIEPATYPBI, TO3TOMY IPU MOBBIIIEHUH TEMIIEPATYPbl UMUTATOPA 3TO COIPOTUBICHUE MOYKET
U3MEHAThCA. HepaBHOMEpHOE  DIEKTPUYECKOE CONPOTUBICHHUE IO JUIMHE HMMHTATOpa TBOII
OPUBOAUT K HEPaBHOMEpPHOMY NpodmiIo TeruioBblaeneHus. HepaBHOMEpHBIH npoduinb
TEIUIOBBIICICHUS HE YYUTBIBAJICS B pacueTax IO ONPEACICHUI0 TEMIEPATyphl B UCCIEAYEMOM
CCUCHHMH W HE MOJEIMPOBAJCS B 0a30BBIX BaIMIAIMOHHBIX pacuyerax. [lo sTomy Obuia
IIPOBEJICHA OLIEHKA BIIMAHHSA TEMIIEPATypbl MMTATOPA TBAJ Ha €r0 YAEIbHOE CONPOTHBIICHHUE.
[IpoBeneHHbIl aHanM3 IMOKa3al YTO YJENbHOE CONPOTHUBIEHUE MMHUTATOpa TBII B
PaCCMOTPEHHOM JAMAIla30HE W3MEHEHUs TEMIIEpaTypbl M3MEHSAETCS HE3HAYMUTENbHO. MOXKHO
cAenaTh BBIBOJ O TOM, YTO H3MEHEHHME DJIEKTPUYECKOIO CONPOTHBICHHUS HE OKa3bIBAET
CYILIECTBEHHOT'O BJIUSHUS HAa IPOQUIb TEIUIOBBIIEICHHUS.

k) B RELAP5/MOD3.2 B TEIIOBBIACIAIONIMX 3JIEMEHTaX KOHCTPYKIIMHM HE MOJCIHUPYETCS
oceBasi TEIJIONPOBOJHOCTh. Hanuume oceBOM TEIUIONPOBOJAHOCTH MEXYy pPa3HOHArPEThIMU
ydqacTkamMu umMuTatopoB TBDJI moxer OBITh NPUYMHONW HEPABHOMEPHOTO MPOdHIIS
TeIJIoBbIAeNeHUsA. JlJi1 OIEHKH TOro, HAacCKOJbKO MPABOMEPHO MJisi PELICHUsS JaHHOM 3adadu
JOTMyIIEHHe 00 OTCYTCTBHH OCEBOW TEIJIOMPOBOJHOCTH, OBLI pPAacCUYUTAH OCEBOW TEIJIOBOU
noToK 4epe3 cOopky mmuratopoB TBC Ha omHodazHom yudacTke. [lo mpoBeIeHHBIM OIlEHKaM
BEJIMYMHA TEIUIOBOTO IMOTOKAa B OCEBOM HampaiieHMH coctaBuia 0.063 Br. Dra BenunumHa
NPEHEOPESIKUTENHPHO Majla B CPaBHCHHHM C TEIJIOM, OTBOJMMBIM Yepe3 HMHTATOPHI TBAI B
paguanbHOM HampasiieHHH. Ha oCHOBaHMYM NPOBEIEHHOIO aHAJIN3a MOKHO CIENATh BBIBOJ, YTO
oceBasl  TEIUIONMPOBOAHOCTh HE  OKAa3bIBAeT CYIIECTBEHHOTO BIUSHUS Ha OPOodUib
TEIJIOBBIICIICHHUS.

3akJarouenue

RELAP5/MOD3.2 B 11e10M MO3BOJISIET aJIEKBATHO PACCUMTHIBATH PACIPEICICHHUE HCTHHHBIX
00BEMHBIX TTAPOCOIEPIKAHUH TI0 BEICOTE TEXHOJIOTHUYECKOT0 KaHaina PEBMK.

CornacoBaHue pe3yJlbTaTOB PAcUETOB C AIKCIEPHUMEHTOM B O0JIACTH KHIICHHS HACBIIICHHON
JKAJIKOCTH MOYKHO OXAapaKTEepU30BaTh KaK XOpOIIEe.

HexoTopoe paccoriiacoBaHue MEXKIYy PACUETHBIMHU U HKCIEPUMEHTAIBHBIMU PE3YJIbTaTaMH
HaOmoaeTcss B OONMACTH KWIICHHS HEAOTPETON KUAKOCTH. [l BaTWMAAIIMOHHOTO aHAIH3
mporecca KHICHUS HEIOTPETON JKUIKOCTH HEOOXOAMMBI JKCIEPUMEHTAIbHBIC JaHHBIE O
TeMIlepaTypax MOTOKA U CTEHKHU IKCIIEPUMEHTAIBLHOIO KaHalla B UCCIEAYEMbIX CEUCHUSX.

B paccmarpuBaembIX pacueTax HUCIOJIB30BAJIUCh SKCIEPUMEHTANbHBIE JAaHHbBIC, MOTYYCHHBIC
MpY 3HAYEHUSAX OTHOCUTEIbHOW »sHTambnuu X Huwke 0.5. IlpeacrtaBiser MHTEpeC MPOBECTH
Banuaanuio koga RELAPS no skcriepuMeHTalbHBIM TaHHBIM, TOTYYEHHBIM TpU 00Jiee BHICOKHX
3HAYCHMSIX OTHOCUTEIBHOM SHTANBIHH (X>0.5).
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